Introduction
Prospect theory (Kahneman and Tversky 1979) predicts that outcomes are coded as galns or losses relative to a reference point, and decision makers are risk-averse in the gain domain and risk-seeking in the loss domain. The use of a reference point to determine gains and losses will henceforth be called a "reference point effect". The difference in risk attitudes for gains and losses is called a "reflection effect".
Reference point effects have been studied in a variety of economic settings (e.g. Thaler 1985 for applications to Marketing). In a financial setting the reference point ef fect explains the disposition to seil winning stocks too early and ride losing stocks too long, which Shefrin and Statman (1985) call the "disposition effect". The studies mentioned in section 2 show that this disposition effect seems to be reflected in market data.
A conclusive test of the dispostion effect using real market data is difficult because Investors' expectations, as well as individual decisions, can not be controlled or easily observed in markets like the New York Stock Exchange. If an effect is found at the aggregate level it can often be explained by different hypotheses. In this paper we will therefore present an experimental investigation of the dis position effect. In our laboratory environment subjects could buy and seil shares which were defined as risky pros-2 pects.
Experimental data have been used before to test hypotheses in financial settings. Friedman (1987, 1991) tested different market efficiency assumptions. Camerer and Weigelt (1991a,b) tried to explain the existence of bubbles.
Sarin and Weber (1991) investigated ambiguity effects in different market settings.
In our paper we will proceed as follows. In section 2 we will briefly describe previous work on the disposition ef fect and present some theoretical considerations on how the effect should influenae market prices and volume. The hypo theses and experimental design are presented in section 3. The results will be described in section 4.
Related Work and Theoretical Considerations

Related Work
The reflection and reference point effects can be best demonstrated using an example. Suppose, a decision maker has to choose between a sure 5 DM and a 50-50 lottery yielding either 0 DM or 10 DM. According to prospect theory most decision makers will be risk averse, i.e. prefer the sure 5 DM (assuming the reference point is a gain of 0 DM). If a decision maker has to choose between a 50-50 lottery of receiving 0 DM or having to pay 10 DM and a sure payment of 5 DM he will in general pick the (risky) lottery. Kahneman, Tversky (1979) provided empirical evidence for the fact that a decision maker's risk attitude depends on the reference point. Risk-aversion for gains and risk-seeking for losses was also found in th< studies of Hershey and Schoemaker (1980) , Cohen, Jaffray and Said (1987) , Hogarth and Einhorn (1990) , Thaler and Johnson (1990) , Tversky and Kahneman (1991) , and van der Pligt and van Schie (1990) .
In most decision situations there are several possible reference points. In a financial setting, the purchase price of a stock is one natural reference point for evaluating the stock. Shefrin, Statman (1985) found evidence that "Inve stors tend to seil winners too early and ride losers too long" (p.778). This disposition effect can be explained by Investors judging gains and losses relative to their initial purchase price, and being risk-averse toward gains and riskseeking toward losses. (We demonstrate this more formally below.) Ferris, Haugen, Makhija (1988) used price and volume data for thirty stocks listed on the American Stock Exchange and the New York Stock Exchange. Using a regression approach they compared current trading volume with historic trading volume. As predicted by the disposition effect, current volume was negatively (positively) correlated with the vol ume on those previous days in which the stock price was higher (lower) than the current price. However, beside some Statistical problems in their analysis, their results can be explained by competing hypotheses (see the discussion of their paper, pp.698) and offer no special insight into the investor's decision making process.
Our main experimental study will put the Investor in a portfolio decision Situation. We therefore briefly want to mention some experimental work dealing with similar questions although those studies do not investigate reference point effects. Kroll, Levy, Rapoport (1988a,b) did several experiments to test various aspects of portfolio theory. In one type of experiment they created a simple decision Situation where the decision maker could invest in a sure Investment and in one of two risky Investments. In each period the prices of the risky assets where determined by a probability distribution known to the subjects. The second type of experiment the Investor was allowed to invest in three different risky assets. In both experiments subjects were paid according to their Performance in the experiment. The main finding of their experiments is that subjects' behavior is quite dif ferent from the behavior predicted by portfolio theory or by the capital asset pricing model. Subjects do not diversify properly, the data do not imply individual Separation, i.e. subjects do not choose their portfolios as a combination of the risk free asset and one risky asset (as required by CAPM), and subjects wanted to know past price movements (even though they were told that prices were determined in 5 each period by an independent probability distribution).
Related empirical studies can be found in Gerke (1990) , Maital, Filer, Simon (1986) and Rapoport, Zwick, Funk (1988-a,b) .
Since the disposition effect deal with volume, we want to mention research which has found a relation between price changes and trading volume (see Karpoff 1987 for an overview). Andreassen (1988) showed experimentally that people trade more if the variance of a stock is higher than if it is lower. In a second experiment subjects saw prices or price changes. The results provide strong evidence that the price-volume relationsship is due to trading on prices movements.
Theoretical Considerations
We illustrate with a simple example how reflection effects and reference point effects combine to cause disposition effects. Suppose an Investor bought a share of stock for the price P. Then the stock falls in value by the amount L, to a price of P-L. (We call this a "loser" stock). The Investor can seil the stock or hold it. If she holds the stock, it is equally likely to return to its purchase price P or to fall by L again, to a price of P-L-L=P-2L. In the corresponding "winner" stock Situation, the stock rose by the amount G, to a price of P+G. If the Investor holds the stock it is equal ly likely to fall back to P or to rise by G again, to a 6 price of P+2G. We will derive hypotheses for the type of market in vhich the price is independent of the action of each Investor. The main hypothesis to be tested is that the number of shares sold will be smaller for losing assets than for winning assets. Of course, it only makes sense to talk about winning and losing stocks if a reference point has been previously definied. We consider two possible reference points. Hypo thesis l will consider the purchase price as a reference point. Hypothesis 2 will consider the effect of the price of the previous period. We are now able to define the hypothe ses:
Hl: Subjects seil more shares when the sale price is above the purchase price than when the sale price is below the purchase price.
H2: Subjects seil more shares when the sale price is above the last period price than when the sale price is below the last period price.
When people are buying and selling stocks over a couple of periods the holding at the end of one period is usually 9 equal to the holding at the beginning of the next period.
Selling a stock requires a deliberate action. This conditio» can be contrasted with a condition where all stocks are automatically sold at the beginning of a period and subjects have to rebuy the stocks (for the same price they were auto matically sold). Without transacticosts, a rational deci sion maker should behave identically in both types of experiments. As we think that the disposition effects are caused by a reluctance to deliberately incur losses, and an eagerness to guarantee gains, subjects who must seil assets de liberately will exhibit greater disposition effects than Type II subjects who automatically seil them. 1
H3:
The disposition effects get smaller when assets are automatically sold than when selling requires a delibe rate action.
We will also investigate if the amount of price change is related to volume. A higher change in price will increase the salience of a stock thus will increase the trading volume. Also according to the results reported in capital market research we formulate hypothesis 4.
H4: The amount of volume traded is positively correlated with the amount of price change.
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The difference is similar to "endowment effects" studied by Kahneman, Knetsch & Thater (1990) and others.
Experimental Design
In our experiment subjects could make portfolio decisions for 14 periods. Each period they could buy and seil six risky assets at prices which were announced publicly before each period. The prices of the risky assets were generated by a random process described in more detail below (thus prices were not determined by trading).
Our design differs from other portfolio experiments, e.g., Kroll, Levy, Rapoport (1988a,b) because we did not teil sub jects the probability distribution underlying each share's price movements. In each period new Information on the distributions of share prices arrived (via new prices). As subjects were allowed to invest in six different stocks their optimal portfolio could change from period to period.
Adjusting the optimal portfolio could be a rational reason to trade.
In the beginning of the experiment each subject was endowed with 10.000,-DM. At the end they received a percentage of the sum of their cash at hand and the final value of their portfolio. (The percentages were .1% and .2% in Type I and II experiments.) Subjects could not borrow money or seil assets short.
To test hypothesis 3 we ran two types of experiments. In Type I the holdings of shares at the beginning of each pe-riod were equal to the holdings at the end of the previous period. In Type II all shares which were held at the end of a period were automatically sold in the beginning of the next period (after the new share prices were announced) but subjects could buy the shares back.
In the experiment we used six different shares, labelled A-F. We described the shares using the neutral German word "Anteile" ("parts, or "shares") rather than calling them "stocks". The amount not invested in shares was held in cash which paid no interest.
The process by which prices of risky shares were determined was explained in detail. In each period, it was first deter mined if the price of each asset would rise or fall. The six assets had different chances of rising and falling in price.
The chance that the price of an asset would rise was 65% for one asset (labelled ++), 55% for one asset (labelled +), 50% for each of two assets (labelled 0), 45% for one asset (la belled -) and 35% for one asset (labelled -). Since prices never stayed the same, the chance that a price would fall was always one minus the chance that it would rise. Subjects knew the chances of all six assets rising and falling, but they did not know which share (labelled A-F) had which probability of rising.
After the rise or fall was determined for each asset, it was determined randomly if the prices would rise or fall by l, 3 12 or 5 DM. All three possibilities were equally likely. Notice that the expected value of price change for a potential portfolio was zero.
Using a random number table the price sequences were deter mined by the experimenter before the experiment. Subjects had to infer the trends of the price movements from past prices. The prices of periods -3 to 1 were given (but not shown in a graph like Figure 2 ) to give subjects an idea of the trend of a share at the beginning of the experiment.
We chose to have different share prices in period 1 (except for D and F).
The experiment was run using a questionnaire. In the begin ning the subjects were told that they could buy and seil "Anteile" (shares) and were told how prices were determined.
The questionnaire contained a record sheet where subjects 
Results
The goal of the present paper is to test the disposition effect hypothesis. Therefore, we will concentrate on testing H1-H4. In a separate paper (Weber and Camerer, 1991), we compared portfolio holdings with normative predictions of portfolio theory.
We will first perform a direct test of the hypotheses (section 4.1). Then we will investigate if alternative explana-14 tions stemming from portfolio considerations are able to explain the results in section 4.1 (section 4.2). Finally (section 4.3) we will check if the ability to assign correct trends to shares can explain the the behavior documented in section 4.1.
Testing the Hypotheses H1-H4
Hypothesis 1 stated that subjects seil more of those shares where the price is above the purchase price than where the price is below the purchase price. As subjects were forced to seil at the beginning of each period in experiment II we only used data from experiment la+b to test this hypothesis.
To test Hl we faced the problem that there is no unique purchase price for a position of shares. We calculated the results for two accounting principles. The "first-in, firstfiut" (fifo) principle assumes that the shares which are bought first are sold first. The "last-in, first-gut" (lifo) Recall from Figure 2 that the prices of shares A and F were higher at the end than in period 1, that the price of share £ (and to some extent share C) was higher during most of the experiment than in period 1 and lower at the end, and that B and D (and to some extend C) were getting cheaper during most of the experiment. Overall, we can say that hypothesis 1 can not be rejected.
Next we want to consider H2. It states that the price of the last period is adopted as reference point. Therefore, more shares should be sold if the price of a share has gone up in the last period than if the price has gone down. In this context we also want to investigate H3 stating that the dis position effect gets weaker if share are automatically sold in the beginning of each period. Tab. 3: Number of sales in period t depending on previous prices Table 3 Both hypothesis 2 and 3 can not be rejected.
[ Figure 3 around here ] Tab. 4: Number of sales in period t depending on previous prices (per group of stock) Table 4 shows a strong disposition effect in experiment I for all group of stocks (as in Table 3 ), but there is no disposition effect for O-trend stocks (D and E) and losing stocks (B and C) in experiment II.
Summarizing, we can say that H2 can also not be rejected.
Before addressing hypothesis 4 we want to present some additional data which will help to clarify some points in the 20 discussion section.
The disposition effect only deals with the numbers of shares sold. Our data also allow us to investigate the effect of stock price movement on buying behavior. Table 5 gives the percentages of stocks bought after the stock gained (6) Tab. 5: Number of buys in period t depending on prices in period t-1
The results seem to indicate an inverse "disposition ef fect". For experiment I the "disposition effect" is smaller for shares bought (Table 5 ) than for shares sold (Table 3 ).
The reduction from experiment I to experiment II mainly is reflected in the non-winning shares for the buying and sel ling conditions. The data seems to indicate that H4 can not be rejected. A ttest comparing the volume for a change of +/-5 and +/-1 shows that the average volume with a previous change of 5 is significantly larger than the average volume with a previous change of 1 (p < .05).
Portfolio Selection
It is conceivable that the results in section 4.1 could be generated by rational Investors following portfolio theory (Markowitz 1959) . In this section we will show that this explanation is not true.
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As shown in Weber, Camerer (1991) , under some simplifying assumptions a risk-averse subject should hold the following optimal risky portfolios:
Period 2-6: (A-68%, B-0%, C-0%, D-1%, E-3%, F-28%), or a higher percentage of A.
Period 7-14: (A-19%, B-0%, C-0%, D-2%, E-4%, F-75%), or a higher percentage of F.
Of course, we do not expect subjects to hold precisely these portfolios. In the first few periods they might hold larger positions in B-E. But they should invest primarily in A and F and switch from A to F in the middle of the experiment. Tab. 6: Average trading in Experiment I Table 6 shows that the average trading pattern is different from the pattern portfolio theory predicts. Subject trade far too much (see Kroll, Levy, Rapoport 1988a for similar results) and hold a wider variety of shares than theyshould. Portfolio theory can not explain why subjects seil A and F during the last periods and buy the losing share B. To calculate a measure of fit between the best estimate and a subject's actual guess we code ++=2, +=1, 0=0, -=-1, --2 and sum over the absolute differences between the rational estimate the student's estimates. This number N 6" ( M Ä /H ) is the sum of all absolute differences before period 8 (at the end). It ranges from 0 (perfect estimates) to 12. Table 7 gives the means and Standard devations of S and 6' for ex Table 7 shows that the quality of trend estimation did not improve over time, but it was fairly accurate to begin with in period 8. A switch of only one rank would lead to 6 = 2.
Subjects must have known that B and C were the losers and A and F were the winners. Another look at the quality of trend estimation is given in We did not find a difference in earning across subjects depending on the quality of trend estimation (see Weber, Camerer 1991).
Discussion
Our data suggest that people exhibit a disposition effect:
They tend to seil fewer shares when the price falls than when it rises. They also seil less when the price is below the purchase price than when it is above. Disposition ef fects are especially harmful in our design because falling prices imply, in a Statistical sense, that a stock is likely to have a downward trend and shares should be sold. Rising prices imply a stock has an upward trend and should not be sold. But subjects do exactly the opposite of what they should do: they seil "winners" and keep "losers". Our findings clearly support the results in Shefrin, Statman (1985) and Ferris, Haugen, Makhija (1988) . The results are inconsistent with portfolio theory.
The tendency to seil winners too early and ride losers too long can be explained in two ways. First, in prospect theory disposition effects occur because subjects use their pur chase price as a reference point and gamble in the domain losses (by keeping stocks that have lost value) and avoid risk in the domain of gains (by selling stocks that have gained value). A second possibility is that subjects misperceive probabilities of future price change: For example, they might think losing stocks will bounce back and winning stocks will fall.
Since the probabilities of price changes were given and subjects were well statistically trained, we lean toward the first explanation. However, the data shed some doubts on our initial opinion. Subjects were losing the same amounts of money in experiment I and II. But according to table 3, forcing subjects to seil their shares at the start of each period (in experiment II) reduces the disposition effect.
However, subjects still lose money while buying the losing shares. After the share B has fallen considerably a rational subject know that B has a negative trend. Asked about the trend, subjects seem to know that B is at least not a win ning stock. Nevertheless, as table 6 states there was a 27 large amount of B shares bought in the last periods of the experiment. A rational Investor should not try to outguess the market. So taken together a mistake belief in mean-reversion seems also to be represented in our data. This meanreversion could also explain the buying behavior (Table 5) .
Similar behavior is found in casi tos vhere people often do not believe that after a sequence of red there is still a 50-50 chance that red will occur (neglecting the zero).
Similiar behavior was also found in Kroll, Levy, Rapoport (1988b) where subjects wanted to see the past behavior of a normal distribution known to them before making decisions.
The idea of outguessing the market could also be an explanation for people trading much more than they should according to theory.
In future research it will be interesting to separate the two explanations. As an explanation of why people do not adjust their reference point a more careful study of the sunk cost fallacy (Thaler 1980) seems worthwhile. As we found a disposition effect for the purchase price and for the previous price there is a need to develop an understanding how reference points adapt over time. 
